We propose a hybrid technique by merging fuzzy version of the classical technique for order preference by similarity to ideal solution and decision-making trial and evaluation laboratory technique for trapezoidal fuzzy numbers, where interaction phenomena among the decision-making problem and weights are taken into account. The feasibility of this new method is demonstrated by applying it to an example.
Introduction
Modeling of real world decision-making problems is difficult because these problems are defined under uncertain conditions. Multiple criteria decision-making (MCDM) techniques are used for evaluating the alternatives in terms of a number of quantitative and qualitative criteria with the purpose of selection or ranking the alternatives [1] . MCDM could be appropriate for evaluating a set of alternatives with respect to three objectives. The first one is selecting the best alternative among a set of alternatives. The second objective is sorting the alternatives into relatively homogeneous groups or arranging them in a preference order. The last objective is ranking the alternatives in a descending or ascending order. Great efforts in the field of developing and improving MCDM techniques resulted in numerous approaches for effectively addressing general multiple criteria analysis decision problems.Özcan et al. [1] gave a comparison and application of these techniques depending on the structure of the decision problem. Zadeh [2, 3] proposed the concept of fuzzy set theory and successfully used it to handle uncertainty in multiple criteria decision-making problems. The fuzzy versions of MCDM techniques are more suitable for subjective and qualitative assessments in the evaluation processes than the classical MCDM techniques applying crisp values [4, 5] . Dubois in his paper [6] discussed new significant techniques of decision analysis. He suggested the use of membership function, linguistic variables, and fuzzy intervals. Recently, [7] [8] [9] studied fuzzy version of the classical technique for order preference by similarity to ideal solution (TOPSIS) due to [10] for multiattribute/multicriteria decision-making (MADM/MCDM) problems. Decisionmaking trial and evaluation laboratory (DEMATEL) method is a comprehensive method to analyze a structural model between complex factors. It is recently studied by several researchers [11] . This technique identifies the importance of each criterion in a network of other criteria relationships [12] . Jeng and Tzeng [13] gave the fuzzy DEMATEL method to handle the vagueness in DEMATEL. Deng [14] proposed a new similarity technique for MCDM. This technique works on the concept that the most preferred alternative should have the highest degree of similarity to the positive ideal solution and the lowest degree of similarity to the negative ideal solution. In this paper, we propose a hybrid technique by merging TOPSIS and Deng's technique [14] for trapezoidal fuzzy numbers, where interaction phenomena among the decision-making problem and weights are taken into account. This paper is organized as follows. In Section 2, we review fuzzy set and some preliminary concepts needed in the sequel. In Section 3, we review fuzzy DEMATEL method for trapezoidal fuzzy numbers. In Section 4, we proposed a modified version of fuzzy similarity MCDM for trapezoidal fuzzy numbers in some steps. An illustrative example is given to see the feasibility of the proposed method. Conclusion is given in the last section. 
Preliminaries
Some preliminary concepts are given in this section for subsequent use.
Let be a crisp universe of generic elements; a fuzzy set in the universe is a mapping from to [0, 1]. For any ∈ , the value ( ) is called the degree of membership of in .
Fuzzy data is a data type with imprecision or with a source of uncertainty not caused by randomness, but due to ambiguity. Examples of fuzzy data types can easily be found in natural language. It is generally more convenient and useful in describing fuzzy data to use trapezoidal fuzzy numbers [15] . Trapezoidal fuzzy numbers are the best way to model the vagueness of human knowledge in decision problems. Zimmermann [16, Subsubsection 5.3.2] defined the trapezoidal fuzzy numbers as follows.
A function " " is given by
where 0 ≤ 1 < 2 < 3 < 4 is called trapezoidal fuzzy number. Symbolically a trapezoidal fuzzy number is denoted by ( 1 , 2 , 3 , 4 ) (see [17, page 330] ).
Definition 1 (see [18] ). Constant " " multiple of trapezoidal fuzzy number is defined as follows:
Definition 2 (see [18] ). Product of two trapezoidal fuzzy numbers and is defined as follows:
Definition 3 (see [18] ). Addition of two trapezoidal fuzzy numbers and is defined as follows:
where = ( 1 , 2 , 3 , 4 ) and = ( 1 , 2 , 3 , 4 ).
Fuzzy DEMATEL Method
DEMATEL is a comprehensive method for analysis and relationship between criterion and its influence on the other criteria [11] [12] [13] . The DEMATEL method is summarized by Jeng and Tzeng [13] . The fuzzy DEMATEL method is presented in an algorithmic form as below. Step 1. Determining the direct relation matrix in the fuzzy environment̃= [̃] × shows the relationship among the criteria based on the opinion of decision-makers by linguistic variable. Thus, in this matrix̃,̃represents the influential relation of criterion on criterion in terms of trapezoidal fuzzy number, which is shown as follows:
Step 2 (normalizing the fuzzy direct relation matrix). The normalized fuzzy direct relation matrix̃is calculated from as follows:
Step 3 (attaining the fuzzy total relation matrix). Consider
in which̃is denoted by the identity matrix. In this step, the total relation fuzzy matrix̃is calculated through four , , , and matrices. For example, consider the matrix:
Step 4 (calculating the prominence matrix). Consider
wherẽ= ∑ =1̃a nd = 1, 2, . . . , . Consider̃=
wherẽ= ∑ =1̃a nd = 1, 2, . . . , . Finallỹmatrix, which is made by adding̃and( transpose of the matrix̃), represents the importance of each criterion in a network of relationships:
We usẽmatrix as the weights of components in fuzzy similarity method. 
Fuzzy Similarity Method
The similarity method is extended for multicriteria decisionmaking in fuzzy environment. Fuzzy similarity method is proposed below in an algorithmic form.
Step 1. Let̃= [̃] × be a fuzzy decision matrix for the MCDM problem and the following notations are used to depict the considered problems:
. . , } is the set of the considered alternatives; = { 1 , 2 , . . . , } is the set of the criteria used for evaluating the alternatives.
Performance of alternative with respect to criterion is denoted bỹ.
Step 2 (determining the fuzzy weighting matrix). The fuzzy weight vector̃represents the relative importance of each criterion:̃= (̃1,̃2, . . . ,̃, . . . ,̃) ,
wherẽ= ( , , , ) which represent the relative importance of criterion with respect to the overall objective of the problem is represented as̃.
Step 3 (normalizing the fuzzy decision matrix through linear normalization). A normalized decision matrix̃can be determined as̃=
Step 4 (calculating the fuzzy performance matrix). The fuzzy performance matrix̃= [̃] × is calculated as follows:
Step 5. Determine the fuzzy positive ideal solution (FPIS) and the fuzzy negative ideal solution (FNIS):
) .
(15)
Step 6. Calculate the conflict index between the alternative and the FPIS and FNIS: Step 7. Calculate the overall performance of alternatives by using CI + and CI − :
Step 8 (rank the alternatives). Rank the in descending order. The greater the value of is, the better the alternative is.
Illustrative Example
In this section, an illustrative example is given to elaborate the method proposed in Section 4, to obtain the desirable alternative. Three schools (School 1 (S1), School 2 (S2), and School 3 (S3)) all in the field of engineering are under evaluation by the Hope Education Foundation (HEF). HEF is a not for profit organization which wants to manage the allocation of funds to these engineering schools based on their performance. There are seven components and their thirty-four indicators of capacity were taken as the framework for assessing the capability of schools. Firstly, the fuzzy DEMATEL method was used to obtain the fuzzy weights of the components. We use the fuzzy similarity method to rank the schools by using the weights of components.
We use fuzzy DEMATEL method to evaluate the relative weights of components. These seven components are faculty (FAC), behavior (BEH), library resources (LR), study culture (SC), knowledge management (KM), publications (PUB), and seminar organized activities (SOA). A committee of ten experts as representatives was formed to evaluate the influential relation of these seven components on each other. Experts filled the judgment matrix through linguistic terms. These linguistic terms transfer to the corresponding trapezoidal fuzzy numbers. The pairwise comparison of experts about the influence of components on each other is being used as the inputs of the paired comparison matrix in the fuzzy DEMATEL method (see Table 1 ).
First there are the following steps of fuzzy DEMATEL method for calculating the relative weights of component.
Step 1. Take average of ten experts pairwise comparison matrix. The fuzzy direct relation matrix is calculated in Table 2 .
Step 2. The normalized direct relation matrix is calculated and given in Table 3 .
Step 3. The fuzzy total relation matrix is calculated and shown in Table 4 .
Step 4. The importance of each component is computed in prominence matrix and shown in Table 5 .
Next, there are the following steps of fuzzy similarity method for ranking of schools.
Step 1 (determining the fuzzy decision matrix). Three experts categorize the thirty-four HC indicators under seven components in Tables 6(a), 6(b), and 6(c). The overall fuzzy decision matrix for the seven components and three alternatives is given in Table 7 .
Step 2 (determining the fuzzy weighting matrix). The fuzzy prominence matrix is obtained from fuzzy DEMATEL method and normalized it. After this, it is applied as the weights of components in this step. The fuzzy weighting matrix is shown in Table 8 .
Step 3 (normalizing the fuzzy decision matrix through linear normalization). The normalized fuzzy decision matrix is as shown in Table 9 .
Step 4 (calculating the fuzzy performance matrix). The fuzzy performance matrix is calculated and is displayed in Table 10 .
Step 5. The fuzzy PIS and the fuzzy NIS for each criterion are calculated and shown in Table 11 .
Step 6. Calculate the conflict index between the alternatives and the PIS and the NIS, shown in Table 12 .
Step 7. Calculate the overall performance of each alternative, shown in Table 13 .
Step 8 (rank the alternatives). In this example, we use the defuzzification to rank the alternatives which is shown in Table 14 .
Rank all the alternatives S ( = 1, 2, 3) according to :
Thus, the most desirable alternative is S3.
Discussion and Conclusion
Fuzzy similarity MCDM method is introduced to rank the performance evaluation. Capability should also put more emphasis on the most important components. A comparative study on ranking of three schools using a fuzzy MCDM approach based on the components and their related indicators is presented. Framework for capability measurement is based on thirty-four indicators and summarized in seven components. Fuzzy DEMATEL method was employed to evaluate the influential relations of the components and their relative importance. It has the greatest fuzzy weight according to experts' opinions. The prioritization of components can help managers to make good use of the limited resources to improve those aspects that are important. Our proposed fuzzy MCDM framework has important points to improve the process of assessing schools' capabilities. 
